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SYSTEMS AND METHODS FOR
SELECTIVELY ROUTING CALLS TO A
CALL CENTER

RELATED APPLICATIONS AND CLAIM OF
PRIORITY

This patent document claims priority to, and 1s a continu-
ation of, U.S. patent application Ser. No. 13/551,263, filed
Jul. 17, 2012. The disclosure of the priority application is
tully incorporated by reference.

BACKGROUND

Call centers usually maintain optimal stailing levels so as
to mimmize wait times for customers who call in and are
placed on hold, while at the same time minimizing the
amount of call center agents necessary. However, call arrival
patterns can quickly fluctuate from low call volumes to high
call volumes in a very short period of time, a phenomenon
known as “bursty” call patterns. Additionally, the call length
may vary from a short duration to a longer period of time.
When the call volume becomes bursty, the increase in
activity has an impact on the wait times for all of the calls,
regardless of the estimated length of each call, while cus-
tomers wait for an agent to assist them. At times, 1t can be
a long wait for an available agent, and higher wait times
generally result 1n low customer satisfaction.

Accordingly, a need exists for methods and systems that
can ellectively manage calls during periods of low call
volume and high call volume, as well as a fluctuation
between the two periods, regardless of the estimated call
lengths of each call.

SUMMARY

In an embodiment, a method of routing calls may include
forecasting an anticipated call volume for each of a plurality
of time intervals based upon historic call volume 1informa-
tion, and receiving, by a communications port, a plurality of
calls. The method may also include determining for each of
the plurality of calls, by the processing device, a threshold
time that may be a maximum service time for the call,
estimating, by the processing device, an expected service
time for the call, comparing, by the processing device, the
threshold time with the expected service time for the call,
and assigning, by the processing device, the call into one of
a plurality of queues based upon the comparing. In an
embodiment, the threshold time may be based upon a first
time 1nterval during which the call was received, the fore-
casted anticipated call volume for the first time interval, a
number of agents 1n each of a plurality of queues, the agents
being assigned to answer incoming calls, average wait times
in each of the plurality of queues, or a combination thereof.
The method of routing may further include prioritizing, by
the processing device, the plurality of queues based upon the
expected service time for each call 1n each of the plurality of
queues, directing, by the processing device, each call 1n a
first queue of the plurality of queues to a first group of
agents, and providing, by the processing device, a callback
prompt to each call in a second queue of the plurality of
queues, wherein a priority of the first queue 1s higher than a
priority of the second queue.

In an embodiment, the method may also include directing
a second group of agents to place a return call to each caller
that placed the call assigned to the second queue. In certain
embodiments, directing each call in the first queue of the
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2

plurality of queues to the first group of agents may include
determining a number of agents in the first group by a
dynamic queue split algorithm. Alternatively and/or addi-
tionally, directing the second group of agents to place the
return call may include determining a number of agents in
the second group by a dynamic queue split algorithm.

In an embodiment, estimating the expected service time
may also mclude using an interactive voice response system
to obtain an input from a caller placing the call, determiming,
the nature of the call based upon the mput, comparing the
nature of the call to a statistical database, and based upon the
comparing, estimating the expected service time for the call.

In an embodiment, directing each call in the first queue of
the plurality of queues to the first group of agents may
include determining a number of agents in the first group
based, at least in part, on a total number ol agents, the
forecasted anticipated call volume for the first time interval,
and an expected total service time for a plurality of calls
received 1n the first time interval. Additionally and/or alter-
natively, directing each call in the first queue of the plurality
ol queues to the first group of agents may include determin-
ing a number ol agents in the first group based, at least 1n
part, on a total number of agents, the forecasted anticipated
call volume for the first time interval, and an expected total
service time for a plurality of calls received 1n the first time
interval.

In an embodiment, a dynamic queue split algorithm may
be used 1n determining the threshold time. In at least one
embodiment, determining the threshold time further may
include confirming that each of the average wait times 1n
cach of the plurality of queues is less than or equal to a
predetermined maximum wait time for each of the plurality
of queues. Additionally and/or alternatively, determining the
threshold time may include determining that the threshold
time has a higher value during periods of regular call activity
compared to a threshold time wvalue during periods of
increased call activity.

In an embodiment, a system for routing calls may have a
processor and a non-transitory, processor-readable storage
medium 1n operable communication with the processor,
wherein the storage medium may have one or more pro-
gramming instructions that, when executed, cause the pro-
cessor to receive a plurality of calls, and for each of the
plurality of calls, determine a threshold time that may be a
maximum service time for the call, estimate an expected
service time for the call, compare the threshold time with the
expected service time for the call, and assign the call into
one of a plurality of queues based upon the comparing. In an
embodiment, determination of the threshold time may be
based upon a first time interval during which the call was
received, the forecasted anticipated call volume for the first
time interval, a number of agents 1n each of a plurality of
queues, the agents being assigned to answer incoming calls,
average wait times 1n each of the plurality of queues, or a
combination thereof. The programming instructions that,
when executed, cause the processor to further prioritize the
plurality of queues based upon the expected service time for
cach call 1n each of the plurality of queues, direct each call
in a first queue of the plurality of queues to a first group of
agents, and provide a callback prompt to each call 1n a
second queue of the plurality of queues, wherein a priority
of the first queue 1s higher than a priority of the second
queue.

In an embodiment, a system for routing calls may have a
processor, a non-transitory, processor-readable storage
medium 1n operable communication with the processor, a
router 1n operable communication with the processor, and a
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communications port in operable communication with the
processor. The storage medium may have one or more
programming instructions that, when executed, cause the
processor to direct the communications port to receive a
plurality of calls. For each of the plurality of calls, the
programming 1nstructions that, when executed, direct the
processor to determine a threshold time that may be a
maximum service time for the call, cause an interactive
voice response system to obtain an iput from a callers
placing the call, determine the nature of the call based upon
the mnput, compare the nature of the call to a statistical
database, based upon the comparing, estimate an expected
service time for the call, compare the threshold time to the
expected service time, and direct the router to assign the call
into one of a plurality of queues. In an embodiment, deter-
mination of the threshold time may be based upon a first
time 1nterval during which the call was received, the fore-
casted anticipated call volume for the first time interval, a
number of agents 1n each of a plurality of queues, the agents
being assigned to answer incoming calls, average wait times
in each of the plurality of queues, or a combination thereof.
The storage medium may have one or more programming
instructions that, when executed, may further cause the
processor to prioritize the plurality of queues based upon the
expected service time for each call 1n each queue, direct each
call in a first queue of the plurality of to a first group of
agents, and direct the commumnications port to provide a
callback prompt to each call in a second queue of the

plurality of queues, wherein a priority of the first queue 1s
higher than a priority of the second queue.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a schematic representation of call routing
in accordance with an embodiment.

FIG. 2 depicts a flow chart of call routing 1n accordance
with an embodiment.

FIG. 3 depicts a block diagram of illustrative internal
hardware that may be used to contain or implement program
instructions according to an embodiment.

FIG. 4 depicts a block diagram of an 1illustrative system
for call routing according to an embodiment.

FIG. 5 depicts a graphical representation of a discrete
simulation model of call wait times during periods of normal
call activity.

FIG. 6 depicts a graphical representation of a discrete
simulation model of call wait times during periods of
clevated call activity.

DETAILED DESCRIPTION

This disclosure 1s not limited to the particular systems,
devices and methods described, as these may vary. The
terminology used in the description 1s for the purpose of
describing the particular versions or embodiments only, and
1s not intended to limit the scope.

As used 1n this document, the singular forms “a,” “an,”
and ““the” include plural references unless the context clearly
dictates otherwise. Unless defined otherwise, all technical
and scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art.
Nothing 1n this disclosure 1s to be construed as an admission
that the embodiments described i1n this disclosure are not
entitled to antedate such disclosure by virtue of prior inven-
tion. As used 1n this document, the term “comprising” means
“including, but not limited to.”
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The following terms shall have, for the purposes of this
application, the respective meamings set forth below.

As used herein, the terms “sum,” “product” and similar
mathematical terms are construed broadly to include any
method or algorithm 1n which a single datum 1s derived or
calculated from a plurality of mput data.

A “computing device” refers to a computer, a processor
and/or any other component, device or system that performs
one or more operations according to one or more program-
ming 1nstructions. An illustrative computing device 1s
described in FIG. 4.

A “call” refers to any type of electronic communication
with the use of an electronic device. Examples of calls may
include communications conducted by landline telephone,
cellular telephone, voice over internet protocol (VoIP), fac-
simile transmissions, short message service (SMS), multi-
media messaging service (MMS), simple mail transfer pro-
tocol over transmission control protocol/internet protocol
(SMTP over TCP/IP), instant messaging, video messaging,
video chat and/or other communications protocols now
known or later developed.

A “queue” refers to an organized sequence of items, such
as calls, that wait for an action, such as the answering of a
call by a call center agent. The organized sequence may
generally be arranged as a sequence of items 1n the order
they are recerved and/or routed from other components; 1.¢.,
the first call received 1s placed at the beginning of the queue,
and subsequent calls that are received are placed in the
queue behind the previous most recently received call. As an
alternative, calls may be placed in the queue based on
priority; 1.e., calls of a higher priority are placed at the
beginning of the queue, and calls 1n descending priorty are
placed behind calls of higher priority in the queue.

The present disclosure pertains to methods and systems
for creating one or more call queues during periods of
varying call volumes. FIG. 1 shows a representation of a call
center routing schematic, generally designated 100, 1n accor-
dance with an embodiment. The schematic may be contained
as a group of elements within a software program loaded
onto a computing device, as a group ol hardware elements
within the computing device or any combination thereof for
use as a system for routing calls from a main source to a
queue. The schematic includes a duration estimator 105, a
router 110 and a number of resources 120.

The number of resources 120 may include two or more
queues, as discussed 1 more detail herein. In the present
disclosure, two queues are used: a primary queue 125 and a
callback queue 130. The primary queue 125 may be statled
by a first number of agents S,, and the callback queue 130
may stafled by a second number of agents S..

The first number of agents S, and the second number of
agents S, each may be dynamic. Accordingly, the first
number of agents S; and the second number of agents S,
may fluctuate over a period of time as a need for agents to
service the primary queue 125 increases or decreases and as
a need for agents to service the callback queue 130 increases
or decreases. The respective needs may be directly or
indirectly related to any number of factors including, but not
limited to, stafling during a particular time period, call
volumes and/or the like.

The number chosen for the first number of agents S, at
any given time may be directly or indirectly related to one
or more of the following: the second number of agents S,
a total number of agents, the volume of calls, and the
expected length of calls. Additionally, the number chosen for
the second number of agents S, at any given time may be
directly or indirectly related to one or more of the following:
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the first number of agents S,, a total number of agents, the
volume of calls, and the expected length of calls. Thus,
agents tasked with servicing the primary queue 125 may be
re-tasked to service the callback queue 130 at any given
time, and agents tasked with servicing the callback queue
130 may be re-tasked to service the primary queue 1235 at
any given time.

The duration estimator 105 may estimate the service time
of each call recetved by the call center. The estimation of the
amount ol service time necessary for each individual call
may be completed by any method now known or later
developed 1n the art, such as, for example, utilizing an
automated system, such as an interactive voice response
(IVR) system, to gain preliminary information from a cus-
tomer. The automated system may request a customer’s
identifying information, such as name, date of birth, address,
account number and/or the like, and then may access a
database to obtain records of the customer’s previous call
history. Alternatively, the automated system may provide a
menu prompt to the customer that asks the customer a series
ol questions and obtains the nature of the customer’s call
based on the responses to those questions.

Once the nature of the call 1s determined, the system may
refer to a statistical database that comprises statistics
obtained from previous calls to obtain an estimation of the
amount of time necessary for the type of call. Examples of
such statistics may include an average amount of time for
calls of a similar nature, average amount of time for calls
with a particular customer, average amount of calls for a
particular agent, time of day and/or other parameters known
to those skilled 1n the art.

The router 110 may route calls by utilizing a threshold
comparator 115 that designates a threshold time T and
determines whether each call service duration 1s greater than
or equal to the threshold time T.

The threshold time T may generally be a designated
amount of time that 1s used as a separating line for identi-
tying two or more classes of calls. In instances where two
classes of calls are distinguished by the threshold, the two
classes may generally be a first class for calls that can be
resolved 1n a short period of time (short calls) and a second
class for calls that can be resolved 1n an extended period of
time (long calls). For example, 11 the threshold 1s calculated
to be a value of T seconds, then calls that are estimated to
be resolved 1n less than T seconds are 1dentified as being one
of the first class of short calls and calls that are estimated to
be resolved 1n more than T seconds are i1dentified as being
one of the second class of long calls. The calculation of the
current threshold may be completed by accessing an algo-
rithm, as described 1n more detail herein.

The threshold time T may generally be measured in
seconds and may range from a value of zero seconds to a
value such as about 1,000 seconds, about 5,000 seconds,
about 10,000 seconds or the like. While T 1s generally
described 1n seconds herein, other units of time may also be
used, including, but not limited to milliseconds, minutes,
hours and days.

During periods of regular call activity, the threshold time
T may generally be set to a very high value, such as, for
example, 10,000 seconds or more. Periods of regular call
activity may be defined by the reception of a number of calls
that can be immediately answered. Thus, periods of regular
call activity may fluctuate based on the stafling of the call
center, and the threshold time T may be a fluid value and not
static.

When the value of the threshold time T 1s set to the very
high value, it may ensure that very few or none of the calls
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received are routed to the callback queue 130. This 1s
because the time estimated by the duration estimator 105 for
cach call may be less than the threshold time T. Thus, the
callback queue 130 may be assigned a small second number
of agents S,, such as an S, value of zero (0). Accordingly, all
of the calls may be directed from the router 110 to the
primary queue 125, and thus the primary queue 125 may
have a first number of agents S, that 1s greater than O.

During periods of increased call activity or when the call
activity 1s bursty, the threshold time T may be reduced to a
value, such as, for example, a value less than 10,000
seconds. Periods of increased call activity may be defined by
the reception of a number of calls that cannot be 1immedi-
ately answered.

When the value of the threshold T 1s set to the lower value,
it may ensure that some of the calls received by the call
center are directed to the callback queue 130, and some of
the calls are directed to the primary queue 125. This 1s
because the time estimated by the duration estimator 105 for
cach call may be more than, equal to or less than the
threshold time T. During these periods, the primary queue
125 may be assigned a first number of agents S, that 1s
greater than zero (0), and the callback queue 130 may also
be assigned a second number of agents S, that 1s greater than
zero (0).

A call activity forecaster 140 may be used to conduct a
forecasting process, which may be used to predict or antici-
pate the call volume at specified intervals throughout a day,
a week, a month, and the like. Examples of such intervals
may include, but are not limited to, 30 minutes, hourly, every
2 hours, every 4 hours, or every 8 hours. The call activity
forecaster 140 may further use an analytical model of past
call activity to forecast future call activity. The analytical
model may take into consideration long range historical
patterns as well as quick turnaround patterns such as the
activity 1n the most recently completed interval of time.

FIG. 2 depicts a flow diagram, generally designated 200,
of a call center queue process 1n accordance with an embodi-
ment. The operations disclosed 1n FIG. 2 may generally be
performed by executing a software program stored i a
memory of a computing system, as described 1n more detail
herein. The process may further direct the computing sys-
tem, components of the computing system or other devices
in communication with the computing system to perform the
operations.

First, a call center or other entity may receive a call 205.
The call may be received at a main number, website, screen
name and the like, or may be transferred from another
number, website, screen name and the like.

At the time the call is received, the program may calculate
a current threshold time 210 of all of the calls in the queue
and then may estimate the amount of service time necessary
215 to complete the call based upon the nature of the call.

As previously described herein, the call may be any type
ol electronic communication made by a customer, client or
the like to a call center. However, communications between
other parties 1n accordance with the present disclosure are
also anticipated. The nature of the call 1s not limited by this
disclosure and may be for any purpose, such as requesting
and receiving customer support, requesting and receiving
technical support, returning calls, purchasing items or
inquiring about products or services.

Once the estimation has been completed, a determination
1s made as to whether the service time 1s greater than or
equal to the threshold time 220. I1 the service time 1s greater
than or equal to the threshold, the call may then be routed to
the callback queue 235.
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The callback queue may generally be a queue for the long
calls class, for which calls are estimated to take an amount
of time that 1s greater than or equal to the threshold. callers
with calls routed to the callback queue may be notified that,
due to high call volumes, their call will be returned by an
agent 240. The notification may be pre-recorded and may
optionally include an estimated time within which the call
will be returned, an estimated amount of time that may
clapse before the call i1s returned and/or other pertinent
information relating to the callback. The notification may
turther contain a prompt to obtain a callback number for the
customer, which may request the customer to key in his/her
phone number or confirm that a number on file 1s correct.

Once the notification has been provided and a number has
been obtained or confirmed, the system may then disconnect
the call. At an appropriate time thereatfter, such as when call
volumes diminish or when one of the agents assigned or
re-assigned to the callback queue becomes available, an
agent may return the call to the customer 245 using the
callback number previously provided or confirmed.

If the service time 1s less than the threshold, the call may
be routed to the primary queue 225. When a customer’s call
1s routed to the primary queue, the system may notify the
customer that his call has been placed 1n the queue and will
be answered 1n the order 1t was received. The notification
may further provide an estimated time that the customer will
be connected to an available agent, or may provide the
customer with a queue number that indicates the customer’s
position in the queue. Once the call 1s routed to the primary
queue and reaches the front of the queue, the next available
agent may answer the call 230.

FIG. 3 depicts a block diagram of illustrative internal
hardware that may be used to contain or implement program
instructions, such as the process steps discussed above 1n
reference to FIGS. 1 and 2, according to embodiments. A bus
300 serves as the main information highway interconnecting
the other 1llustrated components of the hardware. CPU 305
1s the central processing unit of the system, performing
calculations and logic operations required to execute a
program. CPU 3085, alone or in conjunction with one or more
of the other elements disclosed herein, 1s an 1illustrative
processing device, computing device or processor as such
terms are used within this disclosure. Read only memory
(ROM) 310 and random access memory (RAM) 315 con-
stitute 1llustrative memory devices (1.e., processor-readable
non-transitory storage media).

A controller 320 interfaces with one or more optional
memory devices 325 to the system bus 300. These memory
devices 325 may include, for example, an external or
internal DVD drive, a CD ROM drive, a hard drive, flash
memory, a USB drive or the like. As indicated previously,
these various drives and controllers are optional devices.

Program instructions, software or interactive modules for
providing the interface and performing any querying or
analysis associated with one or more data sets may be stored
in the ROM 310 and/or the RAM 3135. Optionally, the
program 1nstructions may be stored on a tangible computer
readable medium such as a compact disk, a digital disk, flash
memory, a memory card, a USB dnive, an optical disc
storage medium, such as a Blu-Ray™ disc, and/or other
non-transitory storage media.

An optional display interface 330 may permit information
from the bus 300 to be displayed on the display 3335 1n audio,
visual, graphic or alphanumeric format. Communication
with external devices, such as a print device, may occur
using various communication ports 340. An 1illustrative
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communication port 340 may be attached to a communica-
tions network, such as the Internet or an intranet.

The hardware may also include an interface 350 which
allows for receipt of data from input devices such as a
keyboard 360 or other input device 355 such as a mouse, a
joystick, a touch screen, a remote control, a pointing device,
a video mput device and/or an audio mput device.

FIG. 4 depicts a block diagram of an 1illustrative system
for routing calls according to an embodiment. As shown 1n
FIG. 4, a central processing unit 410 may be contained
within a computing device 405. The computing device 403
may serve as a primary device that directs the tlow of calls
as they are received. In this embodiment, the computing
device 405 may be 1n direct communication with a controller
420, which may further contain a memory device 425.
Alternatively, the controller 420 and/or the memory device
425 may be located within the computing device 405, 1n
addition to the CPU 410. The memory device 425 may
contain program instructions that are sent to the computing
device 405 via the controller 420. The computing device 405
may also be connected to a telephone network 415, which
may be directed by the computing device 405 to receive
incoming calls. The computing device 405 may then direct
a router 430 to assign each of the mcoming calls from the
telephone network 415 to one or more queues 433, as
described 1n more detail herein.

As previously directed 1n reference to FIG. 1, the vari-
ables T, S, and S, for threshold, primary queue statling and
callback queue stailing respectively, may have optimal val-
ues based upon a dynamic queue algorithm, as disclosed
below:

Minimize s s,3(J),

Subject to:

S +5,=S
WRE MHX( WR)

W_=Max(.).

Wherein I 1s the total number of calls that were processed
by the callback queue, T 1s the threshold time, such that all
calls with a duration of less than T are handled by the regular
queue and all calls with a duration of greater than or equal
to T are handled by the callback queue, S, 1s the number of
agents dedicated to regular queue, S, 1s the number of agents
dedicated to callback queue, S 1s the total number of agents,
W, 1s the average wait time for the calls 1n the regular queue,
Max(W ) 1s the tolerable average wait time for the regular
queue, W 1s the average wait time for the calls in the
callback queue and Max(W ) 1s the tolerable average dura-
tion before callback.

A method of determining the optimal values for the
variables T, S, and S, such that the total calls answered by
the callback queue i1s reduced may be conducted using a
simulated annealing algorithm. The simulated annealing
algorithm may have the following steps:

1. Begin with initial State P = {T, S;, S,}
2. Set an 1nitial temperature t>0
3. While not yet frozen (1.e. t>0) do the following
3.1. P' = select_neighbor(P, t)
3.2. Let A = cost(P') - cost(P)
3.3. If A <0 (downhill move)
Set P=P'



US 10,063,705 B2

9

-continued

3.4. If A > 0 (uphill move)
Set P=P' with probability e-*?
3.5. Set t= 1t (reduce Temperature)
4. Return P

Wherein P 1s a vector that represents the current state
variables T, S, and S,. Other algorithms for determining
these values may also be performed within the scope of this
disclosure.

The examples presented below depict simulations of
optimal values for the variables T, S, and S, during periods
of normal call activity and periods of high call activity.

Example 1

During normal operation of the call center, calls may
arrive as a Poisson process with a mean inter-arrival call
duration of 7 seconds. A discrete event simulation model of
the call center was conducted to determine that the average
wait time was 4.5 seconds, as shown 1n FIG. 5.

When the dynamic queue split algorithm described herein
1s applied, the following output 1s returned:

T=135 minutes
S, =60 agents
S,=0 agents

These numbers indicate that all calls are routed to the
primary queue, and the callback queue 1s not used.

Example 2

During periods of operation of the call center when call
activity increases, calls may arrive as a Poisson process with
a mean inter-arrival call duration of 6 seconds and thus the
call may experience a higher delay in answering. The
discrete event simulation model of the call center was
conducted to determine that the average wait time increased
to 45 seconds, as shown 1n FIG. 6.

By partitioning the calls into regular and call back queues,
the following Quality of Service (QOS) parameters are
defined for the algorithm mentioned herein:

Max (W ,)=20 seconds (i.e. the tolerable average wait time
for primary queue calls 1s 20 seconds)

Max(W ~)=30 minutes (1.e. the tolerable average callback
time for extended duration calls 1s 30 minutes)

When the algorithm 1s applied, the following results are
found:

1=7.2 minutes
S, =46 agents
S,=14 agents

Under this configuration, approximately 81% of the calls
(whose anticipated service duration 1s less than 7.2 minutes)
are placed into the primary queue. The remaining 19% of the
calls are placed into the callback queue.

Various of the above-disclosed and other features and
functions, or alternatives thereof, may be combined into
many other diflerent systems or applications. Various pres-
ently unforeseen or unanticipated alternatives, modifica-
tions, variations or improvements theremn may be subse-
quently made by those skilled in the art, each of which 1is
also mtended to be encompassed by the disclosed embodi-
ments.
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The mnvention claimed 1s:
1. A method of routing calls 1n a call center, comprising;:
forecasting, by call activity forecaster, an anticipated call
volume for each of a plurality of time intervals, wherein
the forecasting 1s based upon historic call volume
information;
recerving, by a communication port in the call center, a
plurality of calls;
for each of the plurality of calls:
determining, by a threshold comparator, a threshold
time as an 1mdication of a maximum service time for
the call, wherein the threshold time 1s based upon at
least:

a first time interval during which the call was
received, the forecasted anticipated call volume
for the first time 1nterval,

a number of agents 1n each of a plurality of queues,
the agents being assigned to answer ncoming
calls, and

average wait times 1n each of the plurality of queues;

estimating, by a duration estimator, an expected service
time for the call,

comparing, by the threshold comparator, the threshold
time with the expected service time for the call, and

assigning, by a router, the call into one of the plurality

ol queues based upon the comparing;

prioritizing, by the router, the plurality of queues based
upon the expected service time for each call 1n each of
the plurality of queues;

directing, by the router, each call in a first queue of the
plurality of queues to a first group of agents by deter-
mining a number of agents in the first group using a
dynamic queue split algorithm, wherein the dynamic
queue split algorithm comprises:

Minimize; 7 ¢y so1(J),

subject to

S+5,=S8
We=Max(Wp)

W =Max(W ),

wherein T 1s the threshold time, S, 1s the number of agents
in the first group, S, 1s a number of agents 1n a second
queue, S 1s a total number of agents, W, 1s an average
wait time 1n the first queue, Max(W,) 1s a tolerable
average wait time for the first queue, We 1s an average
wait time for in the second queue and Max(W ) 1s a
tolerable average duration before callback; and

providing, by the communication port, a callback prompt
to each call 1n a the second queue of the plurality of
queues, wherein a priority of the first queue 1s higher
than a priority of the second queue.

2. The method of claim 1, further comprising:

directing a second group of agents to place a return call to

cach caller that placed the call assigned to the second
queue.

3. The method of claim 2, wherein directing the second
group ol agents to place the return call comprises determin-
ing a number of agents 1n the second group by the dynamic
queue split algorithm.

4. The method of claim 1, wherein estimating the
expected service time further comprises:

using an interactive voice response system to obtain an

input from a caller placing the call;

determining the nature of the call based upon the 1nput;
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comparing the nature of the call to a statistical database;

and

based upon the comparing, estimating the expected ser-

vice time for the call.

5. The method of claim 1, wherein determining the
threshold time comprises using the dynamic queue split
algorithm 1n determining the threshold time.

6. The method of claim 1, wherein directing each call 1n
the first queue of the plurality of queues to the first group of
agents comprises determining a number of agents 1n the first
group based, at least 1n part, on a total number of agents, the
forecasted anticipated call volume for the first time interval,
and an expected total service time for a plurality of calls
received 1n the first time interval.

7. The method of claim 6, further comprising determining,
a number of agents in a second group based, at least in part,
on a total number of agents, the forecasted anticipated call
volume for the first time interval, a total volume of a
plurality of calls received 1n the first time interval, and the
number of agents in the first group.

8. The method of claim 1, wherein determining the
threshold time further comprises confirming that each of the
average wait times 1n each of the plurality of queues 1s less
than or equal to a predetermined maximum wait time for
cach of the plurality of queues.

9. The method of claim 1, wherein determining the
threshold time comprises determining that the threshold time
has a higher value during periods of regular call activity
compared to a threshold time value during periods of
increased call activity.

10. A system for routing calls, comprising;:

a Processor;

a non-transitory, processor-readable storage medium in

operable communication with the processor;

a duration estimator 1n operable communication with the

Processor;

a call activity forecaster in operable communication with

the processor;

a router 1 operable communication with the processor,

wherein the router comprises a threshold comparator;
wherein the storage medium comprises one or more

programming instructions that, when executed, cause

the processor to:

direct the call activity forecaster to forecast an antici-

pated call volume for each of a plurality of time
intervals, wherein the forecasting i1s based upon
historic call volume information;
direct a communication port to receive a plurality of
calls:
for each of the plurality of calls:
direct the threshold comparator to determine a
threshold time as an indication of a maximum
service time for the call, wherein the threshold
time 1s based upon at least:

a first time interval during which the call was
received,

the forecasted anticipated call volume for the first
time interval,

a number ol agents 1 each of a plurality of
queues, the agents being assigned to answer
incoming calls, and

average wait times i1n each of the plurality of
queues,

direct the duration estimator to estimate an expected
service time for the call,
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direct the threshold comparator to compare the
threshold time with the expected service time for
the call, and
direct the router to assign the call into one of the
plurality of queues based upon the comparing,
direct the router to prioritize the plurality of queues
based upon the expected service time for each call 1n
cach of the plurality of queues;
direct, using the router, each call 1n a first queue of the
plurality of queues to a first group of agents by
determining a number of agents 1n the first group

using a dynamic queue split algorithm, wherein the
dynamic queue split algorithm comprises:

Minimize, .51 s> (/)

subject to

S+55=S
We=Max(W5)

W =Max (W),

wherein T 1s the threshold time, S, 1s the number of
agents 1n the first group, S, 1s a number of agents in
a second queue, S 1s a total number of agents, W5 1s
an average wait time 1n the first queue, Max(W,) 1s
a tolerable average wait time for the first queue, We
1s an average wait time for 1n the second queue and
Max(W ) 1s a tolerable average duration before
callback; and

direct the communication port to provide a callback
prompt to each call in a the second queue of the
plurality of queues, wherein a priority of the first
queue 1s higher than a priority of the second queue.

11. The system of claim 10, wherein the one or more
programming instructions that, when executed, cause the
processor to direct the threshold comparator to determine the
threshold time further comprises one or more programming
instructions that, when executed, cause the processor to use
the dynamic queue split algorithm 1n determining the thresh-
old time.

12. The system of claim 10, further comprising one or
more programming instructions that, when executed, cause
the processor to:

direct a second group of agents to place a return call to

cach caller that placed the call assigned to the second
queue.

13. The system of claim 10, wherein the one or more
programming instructions that, when executed, cause the
processor to direct the second group of agents to place the
return call further comprise programming instructions that
cause the processor to determine a number of agents in the
second group by the dynamic queue split algorithm.

14. The system of claim 10, wherein the one or more
programming instructions that, when executed, cause the
processor to direct the duration estimator to estimate the
expected service time for the call further comprise program-
ming instructions that, when executed, cause the processor
to direct the duration estimator to:

use an 1nteractive voice response system to obtain an

input from a caller placing the call;

determine the nature of the call based upon the nput;

compare the nature of the call to a statistical database; and

based upon the comparing, estimate the expected service
time for the call.




US 10,063,705 B2

13

15. A system for routing calls, comprising;:

a Processor;

a non-transitory, processor-readable storage medium in
operable communication with the processor;

a duration estimator in operable communication with the
Processor;

a call activity forecaster in operable communication with
the processor;

a router 1 operable communication with the processor,
wherein the router comprises a threshold comparator;
and

a communications port in operable communication with
the processor;

wherein the storage medium comprises one or more
programming instructions that, when executed, cause
the processor to:
direct the call activity forecaster to forecast an antici-

pated call volume for each of a plurality of time
intervals, wherein the forecasting i1s based upon
historic call volume 1nformation;
direct the communications port to receive a plurality of
calls:
for each of the plurality of calls:
direct the threshold comparator to determine a
threshold time as an indication of a maximum
service time for the call, wherein the threshold
time 1s based upon at least:

a first time interval during which the call was
received,

the forecasted anticipated call volume for the first
time 1nterval,

a number ol agents 1 each of a plurality of
queues, the agents being assigned to answer
incoming calls, and

average wait times i1n each of the plurality of
queues;

cause an interactive voice response system to obtain
an input from a callers placing the call,

determine the nature of the call based upon the mput,

compare the nature of the call to a statistical data-
base,

based upon the comparing, estimate an expected
service time for the call,

compare the threshold time to the expected service
time, and

direct the router to assign the call into one of the
plurality of queues;
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prioritize the plurality of queues based upon the
expected service time for each call in each queue;

direct each call 1n a first queue of the plurality of to a
first group of agents by determining a number of
agents 1n the first group using a dynamic queue split
algorithm, wherein the dynamic queue split algo-
rithm comprises:

Minimize, .51 s> (/),
subject to

S1+S55=5
We=Max(Wz)

W _=Max(W ),

wherein T 1s the threshold time, S, 1s the number of
agents 1n the first group, S, 1s a number of agents in
a second queue, S 1s a total number of agents, W, 1s
an average wait time 1n the first queue, Max(Wy) 1s
a tolerable average wait time for the first queue, We
1s an average wait time for 1n the second queue and
Max(W ) 1s a tolerable average duration before
callback; and

direct the commumnications port to provide a callback
prompt to each call 1n a the second queue, wherein
a priority of the first queue 1s higher than a priority
of the second queue.

16. The system of claim 15, wherein the one or more
programming instructions that, when executed, cause the
processor to direct the threshold comparator to determine the
threshold time further comprises one or more programming
instructions that, when executed, cause the processor to use
the dynamic queue split algorithm 1n determining the thresh-
old time.

17. The system of claim 15, further comprising one or
more programming instructions that, when executed, cause
the processor to:

direct a second group of agents to place a return call to

cach caller that placed the call assigned to the second
queue.

18. The system of claim 15, wherein the one or more
programming instructions that, when executed, cause the
processor to direct the second group of agents to place the
return call further comprise programming instructions that
cause the processor to determine a number of agents in the
second group by the dynamic queue split algorithm.
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